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US  Air  FonsaSiSSmSBBrW^WtyrWt,  volunt— rod  far  a 
centriftige  study  designed  to  determine  the  s/lsct  of  sgo  on 
roluod  +G,  toloronco.  Each  was  subjected  to  G facts  of 
gradual  and  rapid  onset,  with  G tolerance  dstsrmtnsd  by 
■tandardissd  contraction  of  pariphoral  visual  fields  Of  the 
xubject  characteristics  studied,  only  ago  was  positively  corre- 
lated with  rapid-onset  G tolerance;  both  age  and  weight  were 
positively  correlated  with  gradual-onset  G tolerance.  A coon- 

with  G tolerance  (rapid-  and  gradual-onset)  than  did  either 
cMraciemuc  tiooi.  no  sign  meant  Mgrafi  oomuuooi  wora 
oboarved.  Wo  conclude  that  may  offer  eome  protection 
from  G strew;  there  is  no  evidence  that  aging  loads  to  a 
decrement  in  G tolerance. 


tionship  botwaon  ape  and  island  (nonstraining)  accel- 
eration tolerance  in  military  aircrowmen.  The  offsets  of 
straining  maneuvers  and/or  G straw  inezparionee  on  G 
tolerance  were  not  evaluated  in  thia  study.  Such  knowrl- 
edge,  though  pertinent,  requires  Author  research. 


aging;  acceleration;  G 


ncraovBMmm  in  general  health  and  life  expectancy 
have  lad  to  an  increase  in  average  age  of  the  working 
population  in  most  western  countries.  Thia  in  turn  has 
stimulated  research  into  ago-related  altsrationa  in  work 
capacity,  and  into  the  effects  of  age  on  responses  to 
various  forms  of  stress.  For  example,  there  is  a mess 
urable  decrement  in  aerobic  exorcise  capacity  with 
increasing  age  (11).  On  the  other  hand,  orthostatic 
tolerance  in  healthy  men  is  unimpaired  oven  in  the 
senium  (8).  Surprisingly,  we  know  almost  nothing 
about  the  effect  of  aging  on  acceleration  tolerance; 
published  studies  have  used  younger  exclu- 

sively (2,  7). 

Information  about  the  effect  of  aging  on  acceleration 
tolerance  has  relevance  to  many  current  and  planned 
aeroepace  programs.  In  the  civilian  sector,  fer  example, 
supersonic  transport  and  the  space  shuttle  may  expose 
the  older  individual  to  G forces  not  previously  experi- 
enced, and  his  response  cannot  be  predicted.  Concur- 
rently, in  the  field  of  high-performimee  aviation,  the 
moan  age  of  our  test  pilot,  military  aircrew,  and  astro- 
naut populations  is  steadily  increasing,  and  the  effect  of 
aging  on  their  acceleration  tolerance  is  unknown, 
though  thought  to  be  small. 

The  present  study  was  designed  to  examine  the  tola* 


All  subjects  were  active  duty  US  Air  Force  pilots  or 
navigators  who  volunteered  for  the  study  shortly  after 
passing  their  annual  Flying  Class  II  medical  examina- 
tion (i.e.,  fit  for  unrestricted  flying  of  any  aircraft). 
Subjects  wore  selected  by  5-yr  age  groups  to  obtain  an 
approximately  uniform  age  distribution  between  26  and 
66  yr.  No  sutyeet  was  taking  antihypertansive  or  ether 
medication.  One  subject  h— I long-standing  asympto- 
matic right  bundle  branch  Modi,  but  organic  heart 
disease  had  been  exduded  by  investigations  which 
included  cardiac  catheterisation  and  coronary  angiog- 
raphy. Table  1 gives  further  details  of  the  subjects. 

Centriftige  tests  were  conducted  at  the  US  Air  Force 
School  of  Aerospace  Medicine  (USAFSAM)  Human 
Centriftige  Facility,  Brooks  AFB,  Texas.  Testing  took 
place  in  the  early  afternoon,  at  least  2 h after  the  last 
meal.  Centriftige  gondola  temperature  was  maintained 
in  ths  range  22-24*C.  The  subject  sat  in  a standard 
aircraft  faction  seat  with  a seat  bade  angle  of  IS*  from 
the  vertical;  no  anti-G  suit  was  worn.  Continuous 
television  and  ECG  monitoring  accompanied  each  test. 
A dstailsd  pretest  briefing  emphasised  the  importance 
of  muscular  relaxation  during  each  centriftige  run; 
inadvertent  straining  was  seen  as  muscle  artifact 
(EMG)  on  the  ECG  monitor  and  was  quickly  corrected 
by  reminding  the  subject  to  relax. 

Relaxed  (nonstraining)  G tolerance*  end  points  were 
identified  by  the  occurrence  of  MO*  peripheral  light 
loss  (PLL)  or  of  60*  central  light  dimming  (CLD);  PLL 
and  CLD  were  aaeeseed  as  follows.  The  subject  fixed  his 
gam  on  a red  light  mounted  centrally  oft  a horisontal 
bar  at  eye  level;  two  green  lights  mounted  symmetri- 
cally at  each  end  of  this  bur  subtended  aft  angle  of  60* 
with  the  bridge  of  the  subject’s  nooe.  The  central  red 
light  was  continuously  illuminated;  tha  peripharal 
groan  lights  were  turned  on  frequently  end  randomly 
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by  the  centrifuge  operator  and  promptly  twitched  off  by  a computer.  Standard  statistical  methods  were  uaed  for 
the  subject  with  a handheld  switch.  A run  was  halted  a)  all  subsequent  analyses, 
by  the  subject  whan  ha  bacama  aware  of  PLL  or  CLD,  f 

(»r  6)  by  the  centriftige  operator  if  the  subject  failed  to  kbsults 

jwildl  offth.  pnplxnl  gr~n  Ufhl.  within  2 ■ of  their  ^ M»n  dtt.  far  all  «, 

”tvLU1  tJiMt  fFSrr  n Wni  with  « snidual  groups  are  shown  in  Table  1.  Uee  of  age  groups  ensured 

was  increi^at  a • uniforin  &*ribntim  except  for  a shortage  of 
Thi  “ their  Wi  (reflecting  the  age  structure  of 

first  GOR  wee  considered  a "familiarisation  run,”  do-  aCToee^theajw  bourne  *Oa 

signed  to  allay  apprehension  aseociated  with  the  centri- 

luge  environment.  Next  followed  a succession  of  rapid-  **“  a.  g 

SZt  run.  (RORT.I.  beh  ROR  wxfatod  of  the  ™pid  a»o,  .wtoo.  «yn>«  don^^  pnx«x  « 

imposition  of  G force  (increased  by  1.0  G/s)  to  a prede-  ^ analvaee 

tennined  level  (2.6  G for  the  first  ROR).  which  was  °*  T ^ 

for  IS  s.  RORTs  at  progressively  higher  forthefotol  sample  of  subjects  (»  63). 

SSSm^TjTlJrJLiSS  £.  Vfaunl.nd  powT  ^“Sf**"*  lORnoaono  of  ROR  totem..  0.  »«. 

ESToTo  ST  of tkrt  raox.  ™»rd^»  U» 

subject’s  ROR  tolerance  limit.  Finally,  a second,  defini-  r^Sjj^a  5?<  0 06  t^RMand 

tiveGOR  was  accomplished  and  these  data  were  used  %£? •*  ^ 

as  the  subject’s  gradual-onset  G tolerance.  All  centri-  T"*~  ^Llud-d  .l,. 

luge  nans  were  separated  by  intervals  of  20  s or  more.  j nnvtortLn  aminet 

rf gx™ °°q *? .a*  r^y«^?£sr^25S' ses 

subject  along  with  age,  height,  weight,  exercise  habits,  decrement  in  G tolerance. 

and  recent  and  total  flying  experience  wore  entered  into  w#  ^ ^ ^ ^ qqr  pmtocol  automati- 

cally stopped  at  6 G.  As  shown  in  Fig.  3,  three  subjects 
reached  this  6-G  level  before  sensing  PLL  or  CLD;  the 
stated  GOR  tolerance  for  these  individuals  is  thus 
artificially  low.  We  foel,  however,  that  the  effort  of 
understating  their  GOR  tolerance  on  the  overall  regres- 
sion analysis  is  of  no  practical  importance. 

Other  variable s.  Correlation  coefficients  were  com- 
puted for  G tolerance  versus  each  of  the  several  varia- 
bles shown  in  Table  2.  There  were  only  four  statistically 
significant,  correlation  coefficients,  and  all  four  were 
relatively  weak.  For  ROR  tolerance,  the  only  significant 
correlation  was  with  age.  On  the  other  hand,  GOR 
tolerance  was  significantly  correlated  not  only  with  age, 
but  also  with  weight  and  with  total  flying  experience. 
This  latter  correlation  is  not  surprising  since  total 
flying  experience  is  itself  highly  correlated  with  age  (r 
- 0.84,  P < 0.001);  on  the  other  hand,  weight  and  age 
were  not  correlated.  These  observations  are  supported 
by  the  data  in  Table  1.  We  conclude  that  age  is  equal  to 
or  better  than  any  other  single  variable  tested  for 
predicting  relaxed  G tolerance.  ^ of  varia- 

bles might  bettor  predict  G tolerance.  We  need  a step- 
wise multiple  regression  analysis  for  this  purpose. 
There  was  no  evidence  that  ROR  tolerance  prediction 
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Age  and  O tolerance.  The  main  object  of  the  study 
was  to  determine  the  effect  of  a|t  on  % Q tolerenoe  of 
relaxed  healthy  men.  A|b  hao  rarely  been  considered  in 
■ccslsrstlon  research;  many  definitive  studios  (2,  3,  7) 
have  boon  carried  oat  where  nearly  all  military  aviators 
_j  Imre  young  man.  Cochran  at  al.  (2)  compared  O toier- 
55  mm  of  txporienood  naval  aviators  with  of  cadsts 
and  concluded  that  age  had  no  eflect  on  G tolerance,  a 
«b.  view  that  has  boon  accepted  (6,  p.  577).  Both  Cochran  et 
p < al.  (3)  and  Rooe  and  Martin  (7)  reported  a very  wide 
range  of  G tolerances,  which  may  in  part  have  boon  due 
to  variations  in  experimental  technique  and  in  the  use 
and  effectiveness  of  the  straining  maneuvers  employed 
« by  their  subjects.  Such  factors  would  almost  certainly 
efface  the  modest  age-related  trend  apparent  among  our 
subjects,  in  whom  all  conditions  were  as  carefully  stiuad- 
ardixed  as  was  possible. 

G tolerance  and  body  meaeuremente.  Neither  Coch- 
ran et  al.  (2)  nor  Roae  and  Martin  (7)  could  detect  any 
relationship  between  stature  or  weight  and  G tolerance. 
However,  it  is  commonly  believed  that  tall  men  are  at  a 
disadvantage  under  G stress,  since  their  retinal  and 
cerebral  circulation  must  depend  on  a higher  column  of 
blood  than  that  in  a shorter  individual.  Hunter  (6) 
found  that  the  blackout  threshold  was  related  to  sitting 
height  and  to  heart-brain  distance. 

The  height  of  our  subjects  was  unrelated  to  their  G 
tolerance,  but  their  weight  had  an  effect  that  was 
comparable  to  that  of  age.  None  of  our  subjects  was 
more  than  mildly  obese.  Our  results,  therefore,  suggest 
that  G tolerance  is  positively  related  to  heaviness  of 
build.  It  is  of  interest  that  body-building  exercise  im- 
proves  resistance  to  G farces  (straining  tolerance)  (4); 
»<  we  found  no  such  relationship  with  relaxed  G tolerance 
in  the  present  study. 

Influence  of  related  factor*.  Our  analysis  has  cer- 
tainly not  established  a causative  role  for  age  or  weight 
in  determining  G tolerance,  and  both  variables  are 
= likely  to  be  related  to  other  unmeasured  factors  of 
_ greater  physiological  relevance.  One  such  factor  of 


limitation  of  diaphragmatic  descent  (5,  p.  68S)  would  be  b»j  applicable  to  healthy  men  without  flying  experience 
•van  hardar  to  measure.  this  contention  is  supported  by  Cochran  st  al.  (2),  whc 

General  applicability  of  reeulte.  Because  the  subject)  found  that  283  mainly  ground-based  personnel  had  G 
were  all  experienced  military  aircrew  members,  the  tolerances  indistinguishable  from  thorn  of  instructor 
applicability  of  our  findings  to  other  flt  men  of  compa-  pilots, 
table  age  may  be  questioned.  In  this  regard,  some  of 

our  negative  findings  may  be  important.  Whereas  total  tnrtr  Mstmhnf  lanrn 

flying  experisnee  oorralated  positively  with  O tolerance  ter,  Chief,  Clinical  Sciaooes  Divieioo.  tor  his  continued  support,  mat 
(but  only  to  OOR  tolerance),  rsosnt  flying  experience  ***”•  Ba“  Ltad*  *•**«■“  **  **  ^ W" 

wm  negatively  correlated,  though  not  syrnficently.  ^n^n^^^  WMtmoiv^ibrrm9gmm 
However,  although  flying  experience  was  strongly  cor-  the  «m.  i~i  sciences  and  CmwTechnoiogy  DtrieZmT  usai 
related  with  ago,  it  appeared  to  have  no  effect  on  O School  of  Amsm  Modkiae.  Aerospace  Medical  Division,  AF8C 
tolerance  in  our  stepwise  multiple  regression  analysis,  us  Air  vara.  Brooks  APB,  Texas  78£M. 

If  flying  experienoe  can  be  ignored  as  a footer  in  the  _ AddrrasjipciiineqiwMa  to  R.  A.  WoWhtei.  usafsam/ngi 
relaxed  subject's  G tolerance,  then  the  profoesion  oi  our  tea  Antonio,  Texas  7M36 

subjects  may  have  little  relevance  and  our  rssulta  may  Backed  11  April  lOTO^ofeoptii  in  final  farm  a May  irs. 


The  rasaatvli  reported  to  this  paper  was  conducted  by  poconnwol 
at  the  Clinical  Sciences  and  Craw  Technology  Divisions.  USAF 
School  o t A croc para  Madkiwc,  Aorocpara  Medical  Division,  AF8C. 
US  Air  Pena,  Brooks  APB,  Texas  TOM. 
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